In selenium determination by carbon-furnace atomic absorption spectrometry, organic materials severely decrease selenium sensitivity. In order to remove the severe negative interference due to organic materials, matrix modifications by addition of Pd, Pt, Ni and Rh were compared. Palladium was found to be most effective. Addition of 100 µg ml-' Pd completely removes the negative interference due to up to 1.5% albumin and restores the sensitivity to that of a simple inorganic Se(IV) solution without organic materials.
Keywords Selenium, atomic absorption spectrometry, palladium Selenium was first identified in 1957 as an essential component of a dietary factor that protected rats from severe necrotic degeneration of the liver.' Following this finding, some animal nutritionists recognized that several important liverstock diseases, such as white muscle disease of cattle sheep, exudative diathesis of chick, liver necrosis of rats and muscular dystrophy in a variety of animals, are actually selenium deficiency syndromes. 2 Recently several selenium-containing amino acids, peptides and proteins have been isolated both from bacteria, animals and green plants. 2 Some of the proteins are enzymes such as glutathione peroxidase or glycine reductase.
Besides these enzyme proteins with known activity, there are many reports on other unidentified selenium-containing proteins. One of them is concerned with selenium accumulated in livers of sea mammals such as seals or dolphins. It is also known that these selenium-containing livers also accumulate mercury.
Koeman et a1.3 reported that a linear correlation is observed in mercury and selenium concentrations in these livers and that the concentration ranges from less than 1 to 200 µg ml-'. As for the chemical forms of these elements, almost nothing have been clarified, which seems mostly due to the lack of highly sensitive analytical methods for these elements.
In our recent attempt to extract and purify the proteins containing selenium and mercury from dolphin's livers, we found that coexisting organic materials in the extract solution greatly reduces (-10-2) the sensitivity of selenium in carbon furnace atomic absorption spectrometry.
We also found that the addition of palladium remarkably restores the sensitivity for such solutions.
Concerning carbon frunace atomic absorption spectrometry of selenium, Ediger et al. reported that matrix modification by addition of several metals such as Ni, Ag or Cu to selenium sample solutions reduces the selenium volatilization loss during asking by selenide formation.4-'
Several other metals such as Cob, Mo9, La10, Hg" and Cr12 have also been reported to diminish the chemical interferences and allow use of higher ashing temperatures in water analysis. Tada et al. reported that addition of rhodium removes interference due to organic materials and enhances sensitivity.13 They applied the method to determination of serum selenium.
In the present study, effects of Pd, Pt, Ni and Rh were compared to each other and Pd was found most effective for removal of interference due to organic materials and enhancement of the sensitivity. Tada et a1.13 and X.-Quan et a1.14 also reported enhancement effect of palladium. However, Tada reported that Rh is more effective than Pd, which is different from our result. The difference would be probably due to the difference of the characteristics in the ashing processes of the carbon furnaces. Moreover, neither Tada nor Quan investigated the effect of selenium oxidation state in their matrix modification methods. Therefore, in this paper, enhancement effect is compared for Se(-II) in organic selenium molecules and inorganic Se(IV). From the experiment, it was confirmed that the palladium addition equalizes the sensitivity of both oxidation states iniolutions containing less than I.5% albumin.
The present palladium addition method was successfully applied .to the analysis of extract solutions from dolphin's livers.
Experimental Instrument
A Shimadzu AA-640-13 atomic absorption spectrometer equipped with a Shimadzu GFA-4 graphitefurnace atomizer was used. Selenium wavelength of 196.0 nm was used for measurement and the background absorption was corrected by using a D2 lamp.
Reagents and materials
The stock solutions of Se(IV) and Pd(II) were 1000 µg ml-' certified standard solutions for atomic absorption spectrometry obtained from Wako Chemicals Co..
Bovine albumin was purchased from Kokusan Chemicals Co..
Dolphin's livers were kindly supplied from Prof. R. Tatsukawa of Faculty of Agriculture, Ehime University. The sample was extracted with an ammonium acetate buffer solution (0.05 M), which was then separated by anion-exchange chromatography and was analyzed for selenium.
Procedure
In order to stabilize the furnace surface and improve the reproducibility of the measurement, 30 µl of 1000 .tg ml-' Pd solution was injected into the furnace and was dried, ashed and atomized in the same manner as described below. After this procedure was repeated 10 times, sample solutions were measured with the following procedure. Prior to measurement a palladium solution of 1000 µg ml-' was added to a selenium solution to a desired concentration. Thirty µl of the solution was introduced into a graphite furnace. The solution was then dried for 40 s at 150° C, ashed for 60 s at 800°C and atomized for 6 s at 2100°C. The graphite furnace was protected from oxidation by argon flow of 2 1 min'.
The temperature of the furnace was monitored with a pyrometer, whose precision was about ±30° C.
Results and Discussion
Interference of organic materials In order to investigate the interference due to organic materials with the determination of selenium, bovine albumin was added to the selenium solution at various concentrations from 0 to 3% and the sensitivities were compared. The result is shown in Fig. 1(1) . With the increase of albumin concentration, the sensitivity decreases and, at 3% albumin, the sensitivity becomes to almost a hundredth of that of a selenium solution without albumin. Figure 2 shows how the slope of a calibration curve decreases with the increase of albumin concentration.
Enhancement effect of palladium, platinum, nickel or rhodium addition in the determination of selenium in an organic matrix solution It seems that the negative interference due to organic materials is caused by the selenium vaporization possibly by forming compounds with the organic materials at ashing stage.
Therefore, in order to restrain this selenium loss by vaporization, several metals with high boiling temperature were added to a selenium solution containing albumin.
These metals are expected to form selenide in the carbon furnace and retain selenium in the furnace up to higher temperatures than those without these metals. Figure 3 shows the results for Pd, Pt, Ni or Rh addition.
Each of these metals was added at concentration of 100.tg ml-' to a 40 ng ml-' selenium solution containing 0.1% albumin. The observed relative sensitivities are 100, 80, Fig. 1 Effect of palladium addition on selenium sensitivity in solutions containing albumin: (1) without Pd (Se 100 ng ml-') (2) with Pd (Se 100 ng ml-', Pd 100 µg ml-').
The solution was dried for 40 s at 150°C, ashed for 60 s at 800°C and atomized for 6 s at 2100°C. 50 and 40 for Pd, Pt, Ni and Rh, respectively. Because palladium addition proves to be most effective for selenium sensitivity enhancement, the following experiments were carried out with palladium addition.
Effect of palladium addition amount
In order to know the optimum addition amount of palladium, the concentration was varied from 0 to 500 µg ml-' in a 40 ng ml-' selenium solution containing 0.05% albumin. The result is shown in Fig. 4 . Selenium sensitivity increases almost linearly with the increase of palladium concentration up to 50 µg ml-' Pd. Therefore, the following experiments were carried out with palladium concentration of 100 µg ml-'. The reproducibility of the Pd addition method was about S%, which is addition.
almost the same as that without Pd Recovery of the sensitivity by palladium addition Figure 1 (2) shows how the initially reduced sensitivity can be recovered by palladium addition for a selenium solution containing organic materials. The negative interference due to albumin can be completely removed, up to albumin concentration of 1.5%, by the addition of 100 µg ml~' Pd. As for the slope of a calibration curve shown in Fig. 2 , it was found that the slope can also be completely recovered by palladium addition to that of a simple inorganic selenium solution for the solutions containing up to 1.5% albumin. However, at 3% albumin, the sensitivity is slightly decreased even with palladium addition. shows the enhancement ratio for the palladium addition. The enhancement ratio, [(absorbance with Pd)/ (absorbance without Pd)], increases with the increase of the albumin concentration and, at 3%, the ratio is more than 100.
Effect of ashing temperature In a carbon furnace atomic absorption spectrometry of sample solutions containing organic materials, selection of appropriate ashing temperature is especially important in order to remove background molecular absorptions due to the organic materials. For the determinations of most elements, the sensitivity is decreased with the increase of the ashing temperature, which is caused by the partial loss of the element during ashing. However, for selenium determination with palladium addition, the sensitivity is constant in the ashing temperature range of 400 to 1600° C, as shown in Fig. 6 . This would be due to the effective retainment of selenium by palladium in the carbon furnace.
Effect of selenium oxidation state on sensitivity
Several workers have reported that selenium sensitivity depends on selenium oxidation state and matrix modification with nickel or copper addition stabilizes selenium in a graphite furnace to different degrees depending on the selenium oxidation state.' This means that selenium sensitivity depends on the selenium oxidation state even in nickel or copper addition method.
In order to investigate the effect of selenium oxidation state in the present palladium addition method, sensitivities were compared for selenite, selenomethionine and selenite with albumin. As Fig. 7 shows, without Pd addition, the sensitivities change depending on the chemical form. However, all the sensitivities can be equalized with Pd addition. Selenium sensitivity of selenomethionine is about a half of that for a selenite solution. This is probably due to the existence of organic group in selenomethionine. However, the amount of the organic group is by far less than that of 1% albumin. Therefore, the sensitivity of selenomethionine is between those of a simple selenite solution and a selenite solution with 1% albumin.
Application of the method to extract solutions of dolphin's livers
Since substantial amount of organic materials are contained in extract solutions of dolphin's livers, it is difficult to determine selenium with conventional atomic absorption spectrometry. Although for simple selenite solutions a calibration curve is obtained from 0 to 100 ng ml-' as shown in Fig. 8 (A) , no significant signal is observed when extract solution of dolphin's livers are spiked with Se(IV) from 0 to 100 ng ml-' (B). These selenium signals can be recovered by palladium addition at 100 µg ml-' (C). The sensitivity in this case is completely the same as that of a simple solution of selenite. These data suggest that the originally existing selenium in an extract solution can be determined with standard addition method.
The detection limit of the present method is 0.2 ng ml-', which is the same as that of a simple solution. The most advantageous point of the method is that selenium in organic matrix can be determined without any acid decomposition or any preconcentration method with high sensitivity similar to that of a simple inorganic selenium solution. Selenium at ng ml-' level 
